Abstract. Textile functionality can be complimented using nano-scale coatings, integrating electro conductive yarns, sensors and electronic systems. Therefore, integration of electroconductive materials in products needs a special care, because they are easily damaged by hydrothermal treatments. As concluded in the previous studies, the sol gel technique is effective for the modification of textiles. The focus of this study is to modify pure cotton yarns before the complicated electroconductive systems are integrated into knitwear. The modification of textile materials with silica-based sol and zinc acetate dihydrate as the modifier can provide new properties, such as self-cleaning, antibacterial and UV -protection simultaneously improving particular mechanical properties like tensile strength and resistance to abrasion. However, it is important that the modification does not negatively affect the wear comfort properties of the final product. Therefore, air and water vapour permeability had to be tested as a significant indicator of wear comfort. The final samples are produced by blending modified or unmodified cotton yarns (75 wt %) with polyamide (21 wt %) and elastane (5 wt %) and knitting a plainwovenknitwear. For that four hanks of cotton yarns were modified in a silica-based sol, with 7.5 wt % zinc acetate dehydrate integrated as a modifier; following an after-treatment consolidation for 5 minutes at 120 ºC. As the nanoscale coating merges with the modified surface, the linear density of the fabric increases, resulting in the decrease of air permeability. In this case the average air permeability of the samples containing modified yarn decreases by 20 %, comparing to the ones with unmodified. A slight decrease (3 %) was observed for water vapour permeability. Such decrease is considered as not critical to significantly affect the comfort properties. Wear resistance tests of the obtained knitwear, using a non-oriented (randomly across the surface) friction testing method, show significant surface defects for the unmodified samples after 5·10 3 friction cycles, whereas for the modified samples -after 1 .5·10 4 to 2· 10 4 friction cycles.
Introduction
Application of silicon based nano-coatings on electroconductive yarns has been proven effective in prolonging conductivity after washing [1] . This study aims to complement the previous research and expand modification options for smart textile products. Sol-gel technique was chosen for modification, since it allows improvements on such mechanical properties as the yarn tensile strength and wear resistance. However, it was decided to modify cotton yarns separately before knitting a smart sock prototype with embedded stance correction sensors in order to avoid possible sensor damage during the modification process.
Due to the wide surface area and ability to retain moisture, textile structure, especially, knitwear is known to be particularly susceptible to microorganisms, bacteria and fungi, which are widely found in human skin micro flora. Taking into account that socks are first base layer clothing− moisture, temperature and nutrient abundance are the main factors leading to increase of bacteria growth [2] . Previous studies have proven the surface coatings obtained by sol-gel method to be effective against bacteria that can cause destruction of cellulose and are present in human sweat as well as against some fungus causing typical skin infections [3] . Moreover, the chosen technique can prolong time period in between washes, which is important, since electroconductive yarns and sensors gradually lose their properties during the washing process.
Zinc has excellent antibacterial properties, and by integrating Zn nanoparticles in the sol gel system, it is possible via nanocoating to give textile antibacterial qualities [2] . The aim of this study is to incorporate modified yarns into a smart sock prototype with integrated sensors for stance correction. The chosen modification must ensure sufficient air and water vapour permeability as well improve the yarn tensile strength and wear resistance.
Materials and methods
For sol synthesis silica based alkoxide thetraetilortosilicate C 8 H 20 O 4 Si (TEOS)was used. Ethanol(C 2 H 5 OH)and distilled water (H 2 O) are added for hydrolysis and condensation of alkoxide. Hydrofluoric acid (HF) with purity of ≥ 40 is used as a catalysator.7.5 wt % Zinc acetate dehydrate (Zn (CH 3 COO) 2 ·2H 2 O) is integrated into the sol system and used as a modifier. Sol preparation and coatingadhesion with cotton were discussed in the previous studies and researches [3;4] . The 2 2 factorial design was applied to the four hanks of black pure cotton yarns (24 tex) with the mean weight of 100 g to analyse the sol synthesis parameters influence on the coating quality (stirring time, temperature, pH) as well as the solution ratios of 1:8 and 1:12 g·ml -1 and the dipping time of 5 and 15 minutes were variables in this experiment with subsequent consolidation within 5 minutes at 120 ºC for all samples. All solutions are stirred separately and then divided for each sample group.
Modified and control cotton yarns were reeled up on cones to prepare for processing on the knitting machine. Cotton (75 wt %) yarns were combined with polyamide (21 wt %) and elastane (4 wt %) yarns and knitted in plain woven knitted fabrics with the total density of the control sample 144 g·cm -3 and average of 147 g·cm -3 for the modified samples.
Modified and unmodified knitwear samples were subjected to the hydrothermal treatment according to the EN ISO 105C10-A01:2007 standard [5] : washing at 40 ºC for 30 minutes with a phosphate-free detergent and without optical brighteners (5 g·l -1 ). Samples were hand washed and twice rinsed with distilled water and dried under normal climatic conditions (20 ± 2 ºC, relative humidity 65 ± 2 %). Before the tests all samples were stored in the climate chamber "Binder KBF 115" according to the ISO 139:2005 standard in normal climate conditions [6] .
Air permeability of cloth characterizes the air flow that can pass through textile, this property also affects the textile final application. Air permeability is determined by the amount of air passing through the material in a specific amount of time and the pressure difference on both sides of the material [7] . Air permeability was tested using the"SDL Atlas Air Permeability"tester according to the LVS EN ISO 9237:2001 standard. Used sample test area was 5 cm 2 , the selected air pressure difference on both sides of the material was 100 Pa. For each sample 10 measurements were made in different places. Average air permeability is expressed dm 3 Water vapour permeability is an important indicator of thermophysical comfort. Modification and testing are done with the idea that the end product will be a sock and water vapour permeability is one of the factors that can affect the users' comfort level. Modified and control samples were tested using the "Permetest. Skin model" according to the EN ISO 11092:2014 standard [8] . Before using the equipment is calibrated with certified textiles. The resulting calibration factor is used to calculate mean values of measurements. Sample testing area is ø 80 mm, minimum size of the samples is 12 cm 2 . Calibration coefficient for this test was 0.88.
Friction is the main cause of textile material wear damage. During friction the fibre structure is damaged and bounds between yarns are loosened. The abrasion or wear resistance in this research is characterized by the number of friction cycles to complete material collapse. Test sample area with size of ø 38 mm was placed into a holder with the wearable side down. Abrasive wool worsted fabric is used for testing. Samples are pressured with the load 595 ± 7 g, corresponding with nominal 9 kPa, which is close to the pressure that the fabrics would face under realistic conditions."SDL Atlas M235 Martindale"tester was used according to the ISO 12947−1:1998 standard [9] . Samples were subjected to non-oriented chaotic friction across the surface.
Yarn tensile strength has the main quality indicator was determined using the "Instron 3300" universal testing system and Instron Bulehill Lite Material Testing software. All samples were tested with previous tension 12 cN (0.5 ± 0.1 cN·tex -1 ) that was applied according to the yarn linear density 24 tex and sample length between testing clamps 500 mm and extension rate 500 mm·min -1 according to the LVS EN ISO 2062:2010 standard [10] . 100 measurements for each sample were tested.
Results and discussion
Textile air permeability depends on the parameters, like textile porosity, structure, textile and yarn density [11] − modified samples had shown increase in the density by 2.6 %, which naturally decreases air permeability. After the yarn modification the air permeability decreases in average by 20.6 %, the unmodified knitwear shows the air permeability of 518.19 mm·s -1 (Fig.1, point K) .The highest air permeability of the modified samples was observed in the sample D 432. (1) where Y ap − air permeability, mm·s -1 ; x T − linear density of yarn, tex; R 2 − determination coefficient.
After washing the surface consolidation process takes place, where the coating gradually merges with the modified surface, therefore, increasing the yarn structure and texture changes, which can be observed in the air permeability tests. Shown groups of measurements on the curve are average of 10 measurements.
Fig.1. Variation in air permeability of knitted samples depending on cotton yarn linear density
Water vapour permeability mechanism and speed are affected by the textile structure and density. However, there are separate textile groups that are waterproof, but permeable, vapour permeability mechanisms are based on the diffusion process. Water vapour permeability test is done in order to observe how the applied coatings influence the modified samples. After the yarn modification the water vapour permeability decreases by 3 % for the modified samples. Average value of unmodified knitwear was 3.60 m 2 Pa·W -1 . Standard error of water vapor permeability measurements varies in a range from 0.25 to 3.91 % and decreases substantially after sol gel treatment. Increased linear density of yarns has an effect on the obtained knitwear average vapour permeability and is described with polynomial equation (2) . Fig.3 . shows average measurements of the modified samples. x T − linear density of yarn, tex; R 2 − determination coefficient.
Wear resistance of a fabric depends on various characteristics of its structure, like the chemical composition, linear density, structure and the length of fibre, twist of the yarn, material surface density and surface finishings. In the previous studies sol gel finishes on cotton have showed abrasion resistance [3] . Visual defects (fabric fluffing) of the unmodified samples can be detected after 1·10 3 friction cycles, after 100 cycles coloration of abrasive material is observed. Defects of the modified samples are observed after 5·10 3 friction cycles, and colour fastness of the modified samples is higher and abrasive material staining is observed after 1·10 3 friction cycles. Defects as pilling of fabrics occur when fibres are broken and separated from yarns [12] . For the control sample the pilling defect occurred after 5·10 3 friction cycles and for the modified samples 1.5·10 4 to 2·10 4 indicating reduction of coating on the surface. Comparative photo fixation is shown in Fig. 3 . 4 for sample B and 2·10 4 friction cycles for sample C. The obtained results show that the surface treatment with silica-based sol modified with zinc acetate dehydrate improves wear resistance as well as reduces the pilling effect of fabric, which ensures longer aesthetic look of the product and prolongs the product life cycle, which is important for sock products that are exposed to higher loads and wear abrasion. Ongoing study on cotton yarn modification followed the 2 2 factorial design experiment, where the independent variables were x sr (8 and 12 g·ml -1 ) and x dt (5 and 15 minutes). Effects of modification on the tensile stress at maximum load were analysed as part of the yarn tensile strength research. Average maximum load at the breaking point for the control samples is 229.91 cN and after modification the values increase by 29 %.
The equation (3) Further investigations continue and testing of antibacterial activity against gram positive organisms Staphylococcus aureus and Bacillus subtilis of modified samples is in progress as well as investigation of the yarn and knitwear properties after modification.
